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Abstract and keywords 1 
 2 
The aim of this study was to compare the diagnostic efficacy of 2-dimensional 3 
multiple-echo data image combination (MEDIC) image with that of conventional T1- or 4 
T2-weighthed images for assessing developmental dysplasia of the hip (DDH). We 5 
retrospectively reviewed these images of 38 infants to evaluate subjective image quality 6 
and femoral head-to-ischium contrast. MEDIC images were considered high quality 7 
compared with the conventional T1- (P < 0.0001) and T2-weighted images (P < 0.05), 8 
and higher contrast than conventional T1- and T2-weighted images (P < 0.0001). In 9 
conclusion, MEDIC is promising sequence to assess DDH staging.  10 
 11 
 12 
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Developmental dysplasia of the hip (DDH) includes complete dislocation, subluxation, 2 
instability of the femoral head as well as acetabular dysplasia. Some newborn screening 3 
surveys suggest an incidence of femoral head instability as high as 1 in 100 newborns, 4 
with that of dislocation being 1–1.5 per 1000 newborns [1]. Screening and diagnostic 5 
imaging modalities were conventionally confined to ultrasonography and radiography. 6 
In our institution, the grade (type A, B, and C) of the residual displacement of the 7 
femoral head in flexed and abducted position has been routinely evaluated by 8 
ultrasonography, according to Suzuki’s classification [2]. Although this technique can be 9 
conveniently applied and enables early detection of abnormalities of the femoral head 10 
and acetabulum without gonadal irradiation, acetabular architecture is frequently 11 
difficult to assess. 12 
 13 
Magnetic resonance imaging (MRI) is a modality to provide great tissue contrast images 14 
without ionizing radiation. This modality should be considered as a first choice in 15 
paediatric patients if axial and oblique images are required for diagnosing DDH or for 16 
planning the surgery. Although, unfortunately, sedation is currently required to optimize 17 
image quality because the scanning time is relatively long, many authors reported the 18 
4 
 
usefulness of MRI as an assessment of hip dysplasia [3, 4], treatment evaluation [5, 6] 1 
and an imaging guided treatment [7, 8]. Conventional T1-weighted, T2-weighted, or 2 
gradient echo images have been used to evaluate the DDH in infants. These sequences 3 
are useful to evaluate structures such as the femoral head, acetabulum, cartilage, labrum, 4 
muscle, and fibrofatty tissue. The diagnostic value of a 2-dimensional multiple-echo 5 
data image combination (MEDIC) MRI sequence in the detection of patellar cartilage 6 
has been recently reported [9]. Because this sequence can clearly distinguish the 7 
cartilage from the bone in infants, it is used for diagnosing DDH in our institution. To 8 
date, no comparison between MEDIC image and conventional T1- or T2-weighthed 9 
images have been performed for assessing DDH. The purpose of the study was to 10 
compare the diagnostic efficacies of these sequences. 11 
 12 
 13 
Materials and methods  14 
Study design and patients 15 
This retrospective study was approved by this institution’s human investigation 16 
committee. Paediatric orthopaedic surgeons obtained informed consent regarding 17 
sedation and MRI examination for the infants from their parents or guardians. 18 
5 
 
We retrospectively reviewed 42 consecutive hips with suspected DDHs in 41 infants (5 1 
boy and 36 girls) from November 2011 to November 2012. All infants were suspected 2 
of having DDH on the basis of physical examination, ultrasonography, and radiography, 3 
as assessed by the paediatric orthopaedic surgeons in our institution. These infants were 4 
assigned American Society of Anaesthesiologists (ASA) physical status 1 when MR 5 
examination was requested for [10]. 6 
 7 
We excluded 3 infants aged >36 months because it was impossible to measure signals in 8 
the unossified femoral head because of the progression of ossification. A total of 39 hips 9 
with suspected DDHs in 38 infants were finally enrolled in this retrospective study. The 10 
mean age at scanning was 9.2 months (range, 2–24 months). The grade of the residual 11 
displacement of the femoral head in the flexed and abducted position was evaluated. 12 
Their types (A, B, C) were recognized on the basis of previously reported criteria [2, 11, 13 
12]: Type A: the femoral head is displaced posteriorly but is in contact with the inner 14 
wall of the acetabulum; Type B: the femoral head is in contact at or anterior to the edge 15 
of the acetabulum; Type C: the femoral head is displaced outside the socket, with its 16 
centre posterior to the acetabular edge. Of the 76 hips (bilateral hips in 38 infants), 8 17 
were type A, 13 type B, and 16 type C; 39 hips were normal. Of the 16 type C, 2 infants 18 
6 
 




All infants were sedated for the MRI examination using triclofos syrup (20–80 mg/kg 5 
body weight) and/or chloral hydrate (30–50 mg/kg body weight). Pulse oximetry was 6 
applied to continuously monitor their arterial haemoglobin oxygen saturation (SpO2) 7 
and heart rates. Parents, guardians, or specially trained paediatric nurses monitored 8 
airway patency by intermittent assessment. An accessible emergency cart was always 9 
prepared at the department of radiology, and it contained equipment to provide age- and 10 
size-appropriate drugs and equipment to resuscitate apnoeic and unconscious children. 11 
After MR examinations, the paediatric orthopaedic surgeons performed medical (health) 12 
evaluation of all infants to ensure stable vital signs [10].  13 
 14 
MRI examinations were performed using a 1.5-T MRI system (Avanto, Siemens, 15 
Erlangan, Germany) with a maximum slew rate of 125 mT/m/ms and maximum 16 
strength of 33 mT/m. Standard two body matrix coil (6 channel) and two spine coils (3 17 
channel) were used to the imaging. We employed three sequences (T1-weighted, 18 
7 
 
T2-weighted, and MEDIC images) to evaluate DDH staging [12]. T1-weighted spin echo 1 
images were acquired with TR/TE, 500/12 ms; flip angle, 90°; and scanning time, 1:46. 2 
T2-weighted turbo spin echo images were acquired with TR/TE, 4000/86 ms; flip angle, 3 
180°; echo spacing, 17.2 ms; and scanning time, 1:22. MEDIC images were acquired 4 
with TR/TE, 550/20 ms; flip angle, 60°; and scanning time, 1:54. The 3 pulse sequences 5 
were identical in regard to their geometric parameters: number of excitations (NEX): 1, 6 
slice thickness; 3.0 mm, slice number; 11, gap; 0.3 mm, field of view (FOV) read; 260 7 
mm, FOV phase; 80.0%, phase encoding direction: A>>P, base resolution; 320 and 8 
phase resolution; 80.0% (image matrix: 205 × 320). In the MEDIC sequence, 3 echoes 9 
were used in this multi-echo implementation with the following TE: 11.7 ms, 20.0 ms, 10 
and 28.3 ms. In addition, magnitude images were then combined using a sum-of-squares 11 
algorithm.  12 
 13 
Qualitative analysis 14 
In the qualitative image analysis, T1-, T2-weighted, MEDIC axial images with hip flexed 15 
and abducted and the patient in the supine position, which can evaluate the grade of the 16 
residual displacement of the femoral head on Picture Archiving and Communication 17 
System (Synapse, FUJIFILM Holdings Corporation, Tokyo, Japan), were analysed by 2 18 
8 
 
senior paediatric orthopaedic surgeons with 19 (Y.T) and 25 (T.F) years of experience in 1 
musculoskeletal paediatric MRI. Reviewers assessed image quality of 3 sequences on 2 
the basis of a 5-point scale regarding congruency (shape of acetabulum and position of 3 
femoral head) and impeding reduction (inverted labrum, interposing pulvinar, and 4 
elongated ligamentum teres). A score of 1 was assigned when the image quality was 5 
considered nondiagnostic (unacceptable). A score of 2 was assigned when the 6 
delineation of anatomical landmarks was poor for a diagnosis (suboptimal). A score of 3 7 
was assigned when the delineation of anatomical landmarks was unclear but a diagnosis 8 
was still possible (adequate). A score of 4 was assigned when the delineation of 9 
landmarks was so clear that diagnosis was possible (good). A score of 5 was assigned 10 
when the delineation of landmarks was excellent and it assessment was easy (excellent). 11 
The mean and 95% CI of the 2 reviewers’ scores were calculated. Then, interobserver 12 
reliability was independently assessed without a reviewer knowing the other’s image 13 
assessment details.  14 
 15 
Quantitative analysis 16 
For objective image analysis, 1 medical physicist with a license of radiological 17 
technologist (A.F) with 10 years of experience in musculoskeletal MRI measured signal 18 
9 
 
intensity on a dedicated MR console to calculate signal-to-noise ratio efficiency (SNRe) 1 
and contrasts of important anatomical structures. Region-of-interest (ROI) settings were 2 
reviewed by a paediatric orthopaedic surgeon (M.M) with 9 years of experience in 3 
musculoskeletal MRI. 4 
 5 
In images depicting the centre of hip joint as shown in Figure 1, circled ROIs were 6 
placed bilaterally in 3 regions as follows: femoral head before ossification, ischium, and 7 
labrum. If the dislocated femoral head and labrum were not seen on the slice obtained at 8 
the centre of the hip joint, they were evaluated on the appropriate slices. Because the 9 
images of 3 pulse sequences were acquired with exactly matching anatomical position, 10 
the ROIs could be copied from the MEDIC images to T1- and T2-weighted images.  11 
 12 
SNRe was computed using the equation SNRe = (SIROI/SDair)2/T, where SNRe is 13 
according to the report by Reeder [13], SIROI is the mean signal intensity in the 3 ROIs 14 
(femoral head before ossification, ischium, and labrum) and SDair is the standard 15 
deviation (SD) of signal intensity of the surrounding air as shown in Figure 1. Femoral 16 
head-to-ischium and femoral head-to-labrum contrasts were calculated using the 17 
10 
 
following equation: Contrast = (SIA − SIB)/SIA (when SIA > SIB), where SIA and SIB 1 
were the signal intensities of the femoral head, ischium, or labrum. 2 
 3 
Statistical Analysis 4 
Tukey test or Friedman test were used to evaluate the degree of image quality scores, 5 
SNRe, and contrast after applying the Bartlett test. Interobserver agreements regarding 6 
the degree of image quality were determined using the weighted kappa (k) coefficient. 7 
Interpretation of the strength of k was as follows: 0.40–0.60, moderate; 0.60–0.80, 8 
substantial; and >0.80, almost perfect agreement. P values ≤0.05 were considered to 9 
indicate a statistical significant difference for all statistical tests. All statistical analyses 10 
were performed using R version 2.15.0 for Windows software package [14].  11 
 12 
RESULTS 13 
Table 1 shows the results of the image quality scores for congruency. Both reviewers 14 
assessed MEDIC images as being of high quality when compared with the conventional 15 
T1- (P < 0.0001) and T2-weighted images (P < 0.001). There were moderate agreement 16 




Table 2 shows the results of the image quality scores for impeding reduction. Both 1 
reviewers also assessed MEDIC images as being of high quality when compared with 2 
the conventional T1- (P < 0.0001) and T2-weighted images (P = 0.039). There was 3 
moderate agreement (k = 0.52). 4 
 5 
Table 3 shows the results of the SNRe and contrast. All ROIs could be measured, but the 6 
detection rate of labrum was 68.4% (52/76 hips) because of the small size of hips or the 7 
presence of severe dislocation. Mean areas (cm2) and standard deviations of all ROIs 8 
were 0.18 ± 0.07 for femoral head, 0.14 ± 0.04 for ischium, 0.03 ± 0.01 for labrum, and 9 
5.37 ± 0.85 for the surrounding air. SNRe of femoral head and labrum was higher than 10 
that of T1- (P < 0.0001) and T2-weighted images (P < 0.0001). On the other hand, SNRe 11 
of ischium was lower than that of T1- (P < 0.0001) and T2-weighted images (P < 0.0001). 12 
Therefore, femoral head-to-ischium contrast in MEDIC images was higher in all 13 
sequences. Femoral head-to-labrum contrast in MEDIC images was lower than that of 14 
T2-weighted images (P < 0.01). Although signal intensity of femoral head in 15 
T2-weighted images was lower than that in MEDIC images (as shown in Table 3 and Fig. 16 
2), the signal intensity of labrum in T2-weighted images was very low. This may be 17 





The advent of MRI has provided excellent contrast for the assessment of both 3 
cartilaginous and soft tissue structures in hip joint of infants [15, 16]. T1-, T2-weighted, 4 
and gradient echo images have been conventionally preferred in the diagnosis of DDH. 5 
It was reported that T1-weighted images can provide excellent anatomical resolution of 6 
bone and cartilage, the sequence was recommended to diagnose DDH [16-19]. It was 7 
reported that proton density and T2-weighted images were also preferred for DDH 8 
diagnosis [18, 20, 21]. On the other hand, the use of gradient echo sequence was 9 
recently reported [12, 20, 22]. Duffy et al. reported better quality images using the 10 
similar technique as shown in Figure 4 of their report [22]. This technique is similar 11 
contrast to MEDIC sequence in the present study, excluding fat suppression. 12 
 13 
To assess the developmental potential of the hip for the subsequent treatment, it is 14 
important to evaluate not only the congruency of hip but also cartilage anlage [4]. The 15 
delineations of hip joint components in MEDIC images were better than those in other 16 
conventional sequences. In short, in MEDIC images, in contrast to T1- and T2-weighted 17 
images, the unossified cartilaginous femoral head are demarcated from the surrounding 18 
13 
 
tissue as an area of high intensity. Therefore, femoral head subluxation and dislocation 1 
can easily be recognized on MEDIC images. In addition, it is also important to delineate 2 
clearly the contour of acetabulum cartilage and femoral head to measure the bony and 3 
cartilaginous acetabular index (Hilgenreiner’s line), the bony and cartilaginous 4 
transverse plane anterior and posterior acetabular indices [4, 22]. MEDIC sequence 5 
allows precise contouring the femoral head and acetabular cartilage as shown in Figure. 6 
2(c).  7 
 8 
It is not easy to reduce type C dislocations (Fig. 2) because the femoral head must pass 9 
over the edge of the acetabulum to enter the acetabular cavity. There are obstructions 10 
such as an inverted labrum or pulvinar, which prevent the movement of the femoral 11 
head during reduction. Therefore, it is also important to evaluate the acetabular rim, 12 
including labrum, which may become everted and flattened [12, 17]. The subjective 13 
image quality for impeding reduction in MEDIC images was higher than that in the 14 
others. These results may be because of the high intensity of cartilage in images. 15 
 16 
To decrease the duration of sedation and the frequency of failure because of the long 17 
scanning time, shorter scanning time and higher SNR are requirements in the sequence 18 
14 
 
capable of morphological delineation with better contrast. SNR conventionally 1 
increases if a long scanning time (multiple NEX) is used (the scan average effect), the 2 
number of phase and frequency encode is decreased, or a large FOV is applied (voxel 3 
effect). In MEDIC sequences, SNRe was better than that in conventional T1- and 4 
T2-weighted images. This may be because the first, second, and third echo images were 5 
combined in MEDIC sequence to improve the object SNRe. Lang shows that combining 6 
the first and second echo images in a ratio of 1:2 helped to increase the low object 7 
contrast in DDH [15]. This technique is very similar to MEDIC concept. We did not 8 
routinely apply parallel imaging to the faster scanning because SNR ∝ R1/2 (where R 9 
is the reduction factor) [23]. If the SNR loss (R = 2) can be accepted to diagnose DDH, 10 
scanning times of T2-weighted and MEDIC images are 0:50 and 1:05, respectively 11 
(T1-weighted images could not be applied for parallel images). This issue should be 12 
evaluated in a future study. 13 
 14 
There are several limitations in our study. First, this study had a retrospective design and 15 
a relatively a small patient population. In addition, the image quality was so 16 
substantially and evidently better in MEDIC images than in conventional T1- and 17 
T2-weighted images that a true blinded analysis was virtually impossible. We excluded 3 18 
15 
 
infants aged >36 months because it was impossible to measure signals in the unossified 1 
femoral head. However, we believe that MEDIC images could be applied for the 2 
patients over 36 months to diagnose DDH. Despite these limitations, we believe that 3 
MEDIC sequence has excellent image quality compared with the conventional T1- and 4 
T2-weighted images, and the images obtained by MEDIC sequence are very useful to 5 
diagnose DDH. 6 
 7 
In conclusion, MEDIC image had higher subjective image quality and higher femoral 8 
head-to-ischium contrast than conventional T1- and T2-weighted image. Paediatric 9 
surgeons should be aware of the diagnostic value of MEDIC and take into consideration 10 
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Individual tables and captions 1 
TABLE 1. Evaluation of the scoring of congruency between T1-, T2-weighted images 
and MEDIC images 
Parameter Score 






Observer 1 5 0 0 21 
 4 1 9 14 
 3 14 24 3 
 2 20 4 0 
 1 3 1 0 
     
Observer 2 5 0 0 22 
 4 0 14 16 
 3 17 24 0 
 2 21 0 0 
 1 0 0 0 
     
Mean score  
(95% CI) 
 2.4 (2.2 – 2.5) 3.7 (3.6 – 3.9) 
4.5 (4.4 – 4.7) 
*† 
Agreement  0.46 
p values of mean scores and agreement computed using Friedman test and weighted 
kappa test, respectively: * P<0.0001 vs T1-weighted images; † P<0.001 vs T2-weighted 









Table 2. Evaluation of the scoring of impeding reduction between T1-, T2-weighted 
images and MEDIC image 
Parameter Score 






Observer 1 5 0 4 10 
 4 2 21 24 
 3 14 12 4 
 2 20 1 0 
 1 2 0 0 
     
Observer 2 5 0 1 11 
 4 0 21 26 
 3 14 16 1 
 2 23 0 0 
 1 1 0 0 
     
Mean score  
(95% CI) 
 2.4 (2.2 – 2.6) 3.7 (3.5 – 3.8) 
4.2 (4.1 – 4.3) 
*† 
Agreement  0.52 
p values of mean scores and agreement computed using Friedman test and weighted 
kappa test, respectively: * P<0.0001 vs T1-weighted images; † P=0.039 vs T2-weighted 























26.0 (9.5 - 41.7) 32.8 (6.3 - 107.2)
82.2 (45.1 - 133.0) 
*‡ 
 Ischium 
48.1 (11.8 – 
217.8) 
63.0 (22.0 – 
126.2) 
14.9 (3.4 - 50.3) *‡
 Labrum ⁂   2.3 (0.4 – 6.1) 0.8 (0.0 – 4.3) 5.1 (1.3 – 11.2) *‡
Contrast 
(95% CI) 





0.25 (0.20 – 0.29) 0.31 (0.25 – 0.37) 







0.71 (0.68 – 0.74) 0.84 (0.79 – 0.89) 
0.75 (0.73 – 0.77) 
† 
p value computed using Tukey’s test : * P<0.0001 vs T1-weighted images; † P<0.01, ‡ 
P<0.0001 vs T2-weighted images ⁂ The detection rate of labrum was 68.4% (52/76 
hips) due to the small size or severe dislocated hips. Bilateral labrums of one patient 
could not be measured due to the severe bilateral DDH. MEDIC = multiple-echo data 






Fig. 1 1 
MEDIC images of left dislocated hip in a 23-month-old girl (type C). A rectangular 2 
zone in the right hip is magnified to show the ROI setting. We measured signal 3 
intensities of bilateral femoral head without ossification (1), ischium (2) and labrum (3). 4 
In addition, we measured the standard deviation of the signal intensity of the 5 
surrounding air (4) to calculate SNRe and contrast.  6 
 7 
Fig. 2 8 
T1-weighted (A), T2-weighted (B), and MEDIC (C) images of bilateral dislocated hips 9 
in an 8-month-old girl (type C). The contrast between the cartilage and bone in MEDIC 10 
images is higher than that in conventional T1- and T2-weighted images. Secondary 11 
ossification of femoral head was not evident in this patient. 12 
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